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[SEAT BELT RESTRAINT SYSTEM 
WITH MOVABLE LAP BELT 

GUIDES] 

Background of Invention 

[0001] This application claims priority on Provisional Application S.N. 60/260,013, 

'THREE POINT/ FOUR POINT SAFETY BELT WITH SYMMETRIC BELT CONFIGURATION AND 
COMMON ANCHORAGE POINTS," filed Jan. 5, 2001 . 

[0002] The present invention relates generally to a seat belt restraint system and, more 
specifically, to a seat belt restraint system which changes configuration between a 
comfort configuration and a crash restraint configuration. 

[0003] Automotive vehicle seats include a generally upright seat back mounted to a 
generally horizontal seat cushion for supporting a seated occupant. The seat back 
includes a top portion that often supports a headrest and a bottom portion that is 
often pivotally attached to the seat cushion for providing reclining adjustment of the 
seat back. The seat cushion extends between an inboard side (adjacent the center of 
the vehicle) and an outboard side (adjacent the door or side wall of the vehicle). A seat 
belt restraint system is commonly secured to the seat or the vehicle structure 
immediately adjacent the seat for restraining the seated occupant in the seat. 

[0004] 

Currently, the most common type of seat belt restraint system is a three-point 
seat belt configuration. The three-point seat belt configuration is generally defined by 
a lap belt extending between the inboard and outboard side of the seat cushion and a 
shoulder belt extending diagonally from the outboard, top portion of the seat back to 
the inboard, bottom portion of the seat back. The lap belt and shoulder belt may be 
interconnected by a clasp or latch plate, and the clasp is releasably latched to a buckle 
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on the inboard side of the seat cushion to fasten both the lap and shoulder belts 
around the occupant. 



[0005] One type of seat belt restraint system utilizes a four-point seat belt configuration 
generally defined by a lap belt, usually made up of inboard and outboard lap belt 
segments extending from the respective inboard and outboard sides of the seat 
cushion toward the center of the seat cushion, and inboard and outboard shoulder 
belts extending downwardly from the top portion of the seat back adjacent the 
respective inboard and outboard side of the seat. When worn by an occupant of the 
seat, the four belt segments converge adjacent the center of the occupant's pelvis and 
are secured to one another at a center latch point by a buckle and latch plate 
mechanism to complete the four-point seat belt configuration. Each of the four 
01 segments is preferably provided with a lockable retractor reel, allowing the segments 

I to extend and permit freedom of movement, but which lock in response to an actual 

P or anticipated crash of the vehicle. Belt pretensioners may also be provided for one or 

£ more of the segments, as is well known in the restraints art. 



[0006] For any seat belt restraint system to achieve good protection of the seat occupant, 
it must be voluntarily worn. Therefore, occupant comfort of the system during normal, 
pre-crash use is an important consideration. It has been found that occupant comfort 
is enhanced if the lap belt segments extend substantially vertically downward after 
passing around the outsides of the occupant's thighs, rather than extending rearward 
and downward at an angle. This more vertical orientation of the portions of the lap 
belt passing over the thighs also benefits restraint system performance by providing a 
downward pull on the shoulder belts, keeping them relatively taut and the center latch 
point positioned relatively low on the occupant's pelvis. This low positioning of the 
center latch point is important to reduce the likelihood that during a frontal crash or 
other abrupt vehicle deceleration the occupant will slide underneath the lap belt, a 
phenomenon known as "submarining." 

[0007] During a crash event, though, it is preferable that the lap belt segments extend 
somewhat rearward after passing around the outside of the occupant's thighs. This 
rearward angle provides better restraint against forward movement of the occupant's 
pelvis. 
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[0008] U.S. Patent No. 4,221 ,403 discloses a mechanism whereby a seat belt anchor point 
slides rearward in response to a threshold level of vehicle deceleration. The 
mechanism, however, would be difficult to adapt to a system including belt 
pretensioners and/or belt retractors of the type that utilize a reel around which the 
belt is wound. 

Summary of Invention 

[0009] The present invention provides a vehicle occupant restraint system wherein a lap 
belt for a seat is movable between a comfort position wherein the portions of the belt 
extending over the outsides of the occupant's thighs are generally vertical, and a 
crash restraint position wherein the same portions extend at an angle downward and 
to the rear. The lap belt is preferably augmented with shoulder belts to create a four- 
point restraint system. 

[0010] The lap belt passes over the seat cushion and has opposite ends anchored 

adjacent opposite sides of a seat. The variable position of the lap belt is achieved by 
at least one belt guide disposed adjacent one side of the seat and positioned so that 
the lap belt engages the belt guide as it extends from the anchor point toward the 
seat cushion. During normal vehicle operations, the belt guide is located in a comfort 
position approximately below the desired position of the center latch point of the belt. 
The lap belt extends forwardly from the anchor point, engages the belt guide, then 
extends generally vertically upward toward the center latch point. Accordingly, the 
belt guides causes the portion of the lap belt passing over and around the outsides of 
the occupant's thighs to have a relatively vertical orientation and thereby provide 
greater comfort. The vertical orientation of the lap belt between the center latch point 
and the belt guide also serves to provide a downward pull on the shoulder belt 
segments of a four-point belt system, keeping the shoulder segments relatively taut 
and the center latch point properly positioned relatively low on the occupant's pelvis 
to inhibit "submarining." The lap belt is also easier for an occupant to don when in the 
comfort position, because the buckle/latch plate is farther forward, toward the knee, 
and so closer to the normal position of the hand when in a seated position. The 
occupant does not have to reach back toward the hip. 



[0011] 



In the event of an actual or impending crash or other rapid vehicle deceleration, 
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the belt guide moves rearward with respect to the comfort position, allowing the belt 
to extend in a substantially straight line to the rear-located anchor point. The lap belt 
thus extends downward and rearward at an angle to the vertical in order to provide 
better restraint against forward movement of the occupant's pelvis. 

[0012] The invention restraint system provides greater comfort during normal vehicle 
operation while still providing improved safety performance during a crash. 

[001 3] Other features and advantages of the present invention will be readily appreciated 
and better understood after reading the subsequent description when considered in 
connection with the accompanying drawings. 

Brief Description of Drawings 

[001 4] FIG. 1 is a perspective view of a vehicle seat equipped with a seat belt restraint 
system according to the present invention. 

[001 5] FIG. 2 is a side view of the invention restraint system in a comfort configuration. 

[0016] FIG. 3 is a side view of the invention restraint system in a crash restraint 
configuration. 

[001 7] FIG. 4 is a side view of a second embodiment of the invention restraint system in a 
comfort configuration. 

[001 8] FIG. 5 is a side view of the second embodiment of the invention restraint system in 
a crash restraint configuration. 

Detailed Description 

[0019] 

A first embodiment of a seat belt restraint system according to the present 
invention is shown in Figures 1-3, wherein a seat 1 0 for use in an automotive vehicle 
(not shown) includes a generally upright seat back 1 2 for supporting the torso of a 
seated occupant 14 (indicated in phantom lines). The seat back 12 is shown as having 
an integrally formed headrest, but may alternatively have a separate, adjustable 
headrest. The seat 1 0 further includes a generally horizontal seat cushion 1 6 
projecting forwardly from the bottom portion of the seat back 12 for supporting the 
pelvis and thighs of the seated occupant. For purposes of description only, the seat 10 
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will be referred to herein as having an inboard side 10a and an outboard side 10b, 
these terms referring to the sides of the seat adjacent to a center of a vehicle and an 
exterior side of a vehicle respectively, as is the case if the seat is located on the left 
side of the vehicle. This disclosure applies equally to a seat located at any position 
within a vehicle. 

[0020] The seat belt restraint system further includes a lap belt comprising an outboard 
lap belt segment 1 8 and an inboard lap belt segment 20. The upper ends of the lap 
belt segments 1 8,20 are fitted with mating buckle/latch assemblies 22 that are 
releasably securable to one another in order to fasten the lap belt around the 
occupant's pelvis, as is well known in the restraints art. The opposite, lower end of the 
outboard lap belt segment 1 8 extends from a retraction point 24 adjacent the rear of 
the outboard side of the seat cushion 16. The retraction point 24 comprises a housing 
26 (not shown in Figures 2 and 3) containing a belt retractor 28 which engages the 
outboard lap belt segment 1 8 and provides for adjustment of the length of the belt for 
varying-sized seated occupants and for properly positioning of the seat belt restraint 
system, as is well known in the art. The retractor 28 may also incorporate a belt 
pretensioner and/or a load limiter of the type well known in the restraints art. The 
inboard lap belt segment 20 extends from a retraction point adjacent the rear of the 
inboard side of the seat cushion 16. The inboard retraction point comprises a housing 
(not shown) and retractor (not shown) substantially similar to that on the outboard 
side. Alternatively, one or both of the lap belt retractors 28 may be located within or 
behind the seat 1 0, or may be secured to some vehicle structure adjacent the seat 1 0 
which adequately supports seat belt loads, as is commonly known in the art. It is also 
possible to utilize a single retractor that engages both lap belt segments 18,20. 

[0021] The seat belt restraint system further includes an outboard shoulder belt 36 and 
an inboard shoulder belt 38 extending downwardly from the upper portion of the seat 
back 12 adjacent to the outboard and inboard sides of the seat back respectively. The 
upper ends of the shoulder belt 36,38 are preferably engaged by belt retractors (not 
shown) that may be located inside of or adjacent the seat back 12. Belt pretensioners 
and/or load limiters (not shown) of the type well known in the art may also be 
provided for the shoulder belts 36,38. 
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[0022] The lower ends of the shoulder belts 36,38 are releasably or permanently 

connected to the lap belt. In the preferred embodiment, the outboard and inboard 
shoulder belts 36,38 are secured to the buckle/latch assemblies 22 of the outboard 
and inboard lap belt segments 1 8,20 respectively. During normal use, the four point 
seat belt restraint system is unfastened by releasing the buckle/latch assemblies 
1 8,22 connecting the lap belt segments 1 8,20 to one another, while the shoulder 
belts 36,38 remain attached to the respective lap belt segments 1 8,20. All four belts 
are fastened to one another at what will be referred to herein as a center latching 
point 39, which is preferably positioned low on the occupant's pelvis. 

[0023] A belt positioning mechanism 40 is provided adjacent the outboard side of the 
fl seat cushion 1 6 and comprises a guide member 42 which engages the outboard lap 

<3 belt segment 1 8 between the belt retractor 28 and the center latching point 39, the 

m belt segment 1 8 sliding freely through the guide member 42. The guide member 42 is 

■g shown in the form of a loop that completely surrounds the belt, but this is not a 

; \l limitation of the invention, as many different configurations are possible. The guide 

J* member 42 is movable with respect to the seat 1 0 in a fore-and-aft direction, as will 

P be further explained below, in order correctly position the lap belt with respect to the 

jrf occupant 14. 

Q [0024] In the depicted embodiment of the invention, the belt positioning mechanism 40 
further comprises a track 44 disposed adjacent the side of the seat cushion 1 6. Track 
44 may extend substantially horizontally in a forward-and-aft orientation as shown, 
or may be inclined. The guide member 42 slidingly engages the track 44 for 
movement therealong. An actuator mechanism 46 is preferably contained within 
housing 26 and moves the guide member 42 along the track 44. Actuator mechanism 
46 may be powered by any appropriate means, such as an electric motor, a 
mechanical spring, a pyrotechnic charge, or compressed cold gas. If desired, the 
power sources for the actuator mechanism 46 may be integrated with the lap belt 
retractor 28 and/or its associated pretensioner. For example, a single pyrotechnic 
charge may be used to generate gas to power both the actuator mechanism 46 and 
the lap belt pretensioner. 

[0025] 

A similar belt positioning mechanism 40 (see Figure 1) is preferably provided on 
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the inboard side of the seat cushion 16 to act on the inboard lap belt segment 20, and 
the present description applies equally to that mechanism. 



[0026] Figures 1 and 2 depict the invention seat belt restraint system during normal 
vehicle operations, which consist of all operating conditions other than those that 
require optimum restraint of the vehicle occupants. This configuration is referred to 
herein as the comfort configuration. In the comfort configuration, the guide member 
42 is positioned forward with respect to the track 44 and the seat cushion 16 such 
that engagement of the guide member 42 with lap belt segment 1 8 causes the portion 
of the belt in extending downward over the outside of the occupants thighs and/or 
pelvis (between the center latching point 39 and the belt guide member 42) to assume 
a nearly vertical orientation, as best viewed in Figure 2. The lap belt retractor 28 
preferably maintains a degree of tension in the lap belt segment 1 8, so that the nearly 
vertical orientation of this portion of the lap belt provides a downward pull on the 
shoulder belts 36,38. This helps to maintain the center latching point 39 in an 
optimum position low on the pelvis of the occupant. 

[0027] Referring now to Figure 3, in the event of an actual or anticipated collision or 
other abrupt deceleration of the vehicle, the restraint system moves to the crash 
restraint configuration, wherein the actuator mechanism 46 has moved the guide 
member 42 rearward along the track 44. When in the crash restraint position, the belt 
positioning mechanism 40 allows the lap belt segment 1 8 to extend in a generally 
straight line between the occupants thighs and the lap belt retractor 28. This rearward 
angle of the lap belt provides better restraint of the occupant during a rapid 
deceleration. The lap belt retractors 28 and/or shoulder belt retractors are preferably 
also activated in order to more effectively restrain the occupant. 

[0028] It is not necessary that the guide member 42 move in a straight line between the 
comfort position and the crash restraint position. Any type of actuator mechanism 
that moves the guide member 42 between a relatively forward position and a relatively 
rearward position is contemplated by the present invention. For example, the guide 
member may move through an arc centered at a point above or below the guide 
member. 



[0029] 



While the guide track 44 and actuator mechanism 46 are shown attached to the 
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side of the seat cushion 16 in the disclosed embodiment, one or more components of 
the belt positioning mechanism 40 may, if desired, be located partially or completely 
within the seat 1 0, Alternatively, the belt positioning mechanism 40 may be separate 
from and positioned adjacent the seat. 

[0030] Figures 4 and 5 depict a second embodiment of the invention wherein a guide 

member 50 is fixed to the seat cushion 1 6 (or other structure adjacent to the seat 1 0) 
in the comfort position to hold the lap belt in the near-vertical orientation. 

[0031] Upon sufficient vehicle deceleration, the guide member 50 becomes detached 
from the seat cushion 16 and the lap belt pretensioner associated with retractor is 
activated to tighten the lap belt 1 8 and draw it to the crash restraint position shown in 
Figure 5. The guide member 50 is completely detached from the seat 1 0 in the crash 
restraint position, and is supported only by its engagement with the lap belt 1 8. 

[0032] The guide member 50 may be maintained in the comfort position by, for example, 
a release mechanism 52 disposed on or within the seat cushion 16 and having one or 
more pins 54 extending from. The pins 54 are retracted by any practical means to 
release the guide member 50, for example an electric motor, a pyrotechnic device, or 
a mechanical spring. 

[0033] While the guide member 50 and release mechanism 52 are shown attached to the 
side of the seat cushion 16, the components may, if desired, be located partially or 
completely within the seat 1 0. Alternatively, they may be separate from and 
positioned adjacent the seat. 



[0034] 



As indicated schematically in Figure 1, operation of the belt positioning 
mechanism 40 is preferably controlled by a restraints control module (RCM) 56, a 
microprocessor device of a type well known in the art which preferably controls 
multiple components of the restraint systems in the vehicle, such as airbags, seat belt 
pretensioners, rollover curtains, etc. The RCM 56 receives information from a variety 
of sensors in order to make deployment and activation decisions for the various 
restraint systems. Sensors supplying information to the RCM 56 may include a crash 
sensor 58, a pre-crash sensor 60, and vehicle dynamic sensors 62. The crash sensor 
58 may comprise, for example, an inertial sensor and/or a crush sensor. The pre- 
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crash sensor 60 may comprise, for example, a radar device, a laser device, or an 
optical device. The vehicle dynamic sensors 62 may include, for example, an inertial 
measuring unit for sensing accelerations and/or rotations by one or more of the 
vehicle axis. 

[0035] When the sensor inputs to the RCM 56 indicate that a crash has occurred or is 

imminent, the RCM 56 activates the belt positioning mechanism 40 to move the guide 
member 42 to the crash restraint position. The RCM 56 preferably simultaneously 
actuates the belt pretensioners associated with the retractors for the lap and/or 
shoulder belts. 

[0036] Another advantage of the present invention is that the guide members 42,50 
when in the comfort position serve as buckle presenters that make it more 
comfortable and convenient for the occupant to don the restraint system. When the 
buckle/latch assemblies 22 connecting the outboard and inboard lap belt segments 
1 8,20 are unfastened from one another, the lap belt retractors 28,34 draw the belt 
segments 18,20 outward and downward until the guide members stop the 
buckle/latch assemblies 22. This positions the buckle/latch assemblies 22 in a 
relatively forward, easy-to-reach location, so that the occupant may easily grasp them 
in order to fasten the restraint system. 

[0037] While the best modes for carrying out the invention have been described in detail, 
those familiar with the art to which this invention relates will recognize various 
alternative designs and embodiments for practicing the invention as defined by the 
appended claims. 
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